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Fig.1 Sketch of impact test Fig.2 Parameters of missile
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Fig.3(b) Dishing mode formed

by hemispherical —nose missile
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Fig.3 (b) Plugging mode and plug formed

by blunt—nose missile
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Fig.4 Failure figure of tube under different work condition impacted by hemispherical missile
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Table 1 Ballistic limit of tube impacted

by blunt-nose and hemispherical-nose missile

S pw/ MPa h./mm v/ (m/s) EJ/]
T 405 2.82 80.07

0 285 2.36 56.35

3k 5 225 2.10 44.49
10 195 1.95 38.55

15 185 1.90 36.58

T 645 3.56 127.53

0 495 3.11 97.26

FERTE 5 425 2.89 83.51
10 385 2.75 76.12

15 385 2.75 76.12
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Table 2 Max impact force and the duration of response

GiErN P/ MPa F ./ kN t/ms GiRY/N pw/MPa F/kN t/ms
T 4.847 12.3 T 5.438 13.6
0 5.047 10.2 0 5.725 12.8
2k 5 4.835 8.5 FLER 5 5.829 10.8
10 4.965 7.9 10 5.975 9.1
15 6.0 15 5.966 9.0
2
i} (@ p.=10MPa {b) Without water
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Fig.5 Time history of impact force of tube at ballistic limit under different condition
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Fig.6 Time history of pressure
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Fig.7 Failure mode of tube impacted by conical —nose missile

4 Zw5iTie

AL B FELE R W R .

(OANRAEA PP TR Pk s A4 o o A9 7 A A2 BT 7] pp 2 BRI, 2 3RO 34 R A2 AN 58 A T Y A 4R
TE [R]— 00 - BRI 35 4k pp T AR 77 AR B ER BT 75 O I 7 A B L P Sk A i

QO N FEA AT 45N AR I S pp b o B RE PR AKX Tk g id, 79 7 i 25 5 B 7 1 Il
SR B LR AKNE (BN ER 08 23.7%. X Pkifik, P FESENTRRNIR A FERE
LU FE KR (UMY A 00155 29.6 %0 IX —3U{H 5 A .J. Neilson £ &5 187 R —JE .

)G F 2 375 1 P 6 P4 78 1 77 B 3G I T 98¢ /N, 24 TN P e 77 a2 31— s AFL I B3 389 00 77 %) i 5 28 i R
FERCMAAN K . N AR IR D/ 1 A0 7 B [ o X 1) S8 1 AR T B AR AR A TR] . 2 A O A BB A T (X
SRR T, 78 K AR R R TR AR T XU Bl g [ T8 L5 i [X 38 L Py 25 B /)8

SEOG A YT N R R 70 I A R ARSI B, T AL J. Neilson A A K B BRAAS 2 %of 2 3 3 i 77
AR ER . X AT B HH T AL R BN LR RS b B R SR SR AR S AN R, T A 78 R %
A Imm JE (P8 BE = A R R FSS SR s AN 2 A0 . IR e 72 S U T 3k — i) A 2 2 1k Y
FEA IS R B W SR A S B T R s 3 R A R AL B 75 B 3 SE I TR SR N B AT

225 3R
[1] Ma X Q, Stronge W J. Spherical missile impact and perforation of filled steel tubes[ J] . Int J Impact Eng, 1985,3.1—
16.

[2] Neilson A J, Howe W D, Garton G P. Impact resistance of steel pipes: An experimental investigation| R] . UK Atomic
Energy Authority Report AEEW — R2125, Winfrith, 1987.

(3] ZFBR. 7S v e MU B 52 S A 0 1) o o A 1) SRS T T AN ER 48 70 A D] . KR K B oK 22 18 425, 2000.

[4]  Jones N, Birch R S. Influence of internal pressure on the impact behavior of steel pipelines[ A] . Nishioka T. The 1995
Joint ASME/JSME Pressure Vessels and Piping Conference[ C] . 1995:99—119.

(5] K& JG. T V& ol B Sk B e B X S AT 4 T S B B AU D) . 05 5 SR, 1996, 18 (5): 51— 53.
ZHANG Shanyuan, LEI Jianping. Experiment research of drop rig and structure crashworthy[ J] . Mechanics and prac-
tice; 1996, 18 (5):51—53.



55 R I2 55 . 2 19V BE T 3 0 ) v o B OR ) SR B 459

[6] Corbett G G, Reid S R, Al—Hassani S T S. Static and dynamic penetration of steel tubes by hemi spherically nosed
punches[ J] . Int J Impact Eng, 1990,9(2):165—190.

Experimental research on failure of multy-span thin-walled pressure pipelines
impacted by projectiles

LU Guo-yun , LEI Jian-ping, WU Yong-zhong, ZHANG Shan-yuan
(Institute of Applied Mechanics, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China )

Abstract: The results of impact tests in which three—span thin—walled pressure pipelines were struck by
blunt—nosed, hemisphere —nosed and conical —nosed projectiles, were reported. The tube diameter in this
experiment was 44mm and the wall thickness was Imm. The water pressure in the tube was given respec-
tively OM Pa, SMPa, 10MPa, and 15M Pa. The ballistic limits and the corresponding failure modes under
different conditions were acquired. The deformation of the tube and the time histories of the impact force
and the change of the water pressure were measured and recorded. Experiments show that the water filled
in the tube reduced the ballistic limit significantly and with the increase in the pressure of water the ballistic
limit decreased smoothly.

Key words: solid mechanics; ballistic limit; pressure pipelines; impact; perforation
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